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Interstate 2.1 166 2.7 138
Expressway/Freeway 2.1 166 2.7 138
Principal Arterial 2.1 166 2.5 146
Minor Arterial 1.7 191 2.3 156
Collectors 1.7 191 2.1 166
Management of highway assets, including pavements, is immensely challenging in an era of 
uncertain funding for transportation agencies and higher service expectations from the public.  
Furthermore, the maintenance of pavement assets in good serviceable condition is one of the 
most cost-intensive operations for a highway agency.
Between 1996 and 2008, the Indiana DOT spending on improvement of pavement assets 
fluctuated between 35% and 50% of its asset management budget annually (Everett 2012). 
Therefore, pavement managers are constantly exploring strategies to fulfill their mission of 
maintaining roads in good condition with the minimum budget. Strategies may include examining 
the effectiveness of individual pavement treatments or assessing approaches to prioritizing 
pavement needs for fund allocation.
A network-level approach for cost control that remains to be examined deeply is the change in 
trigger policy for pavement project implementation. Changes in the trigger policy undoubtedly have 
an influence on the budget that will be required and the resulting pavement conditions at the 
network level. A pavement treatment threshold modification strategy would aid agencies in the face 
of budget restriction. However, implementation of such a strategy would have to occur only after 
projection of the long-term influence of a certain treatment trigger policy on the pavement 
conditions at the network level. 
This paper explores the impact of changing the pavement rehabilitation trigger policy and varying 
the available budget on pavement roughness condition at the network-level. The Indiana State 
Urban road network is used as a case study. 
METHODOLOGY
Input:
• HPMS (Highway Performance Monitoring System) file =
Extent, condition, performance, use, and operating characteristics of the roadway system
Internal Settings:
• Control Settings = options for specifying the objective function for maintaining the highway network.
Maximize benefits as constrained by available funds
• Parameter Settings = Deficiency Levels and Improvement Costs
Once deficient highway segments are identified and proposed improvements are generated, the 
improvements get prioritized by their benefit-cost ratio.
Benefit of Improvement = Future monetary reductions in life-cycle user cost 
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Pavement Deterioration Models and Treatment Effect:
Pavement Serviceability Equations of the 1993 AASHTO Guide for Design of Pavement Structures are used as deterioration 
models. 
• Data Required for each pavement section:
 Surface Type,
 [initial] PSI/equivalent IRI,
 Structural Number (SN) for flexible pavements,
 Depth of slab (D) for concrete pavements,
 FHWA Climate Classification,
 Average Annual Daily Traffic (AADT),
 Average Percentage of Single-Unit Trucks
(FHWA Vehicle Classification 4-7)
 Average Percentage of Combination Trucks
(FHWA Vehicle Classification 8-13)
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Interstate 2.7 138 3.3 115
Expressway/Freeway 2.7 138 3.3 115
Principal Arterial 2.7 138 3.1 122
Minor Arterial 2.3 156 2.9 129








Interstate 2.4 151 3 126
Expressway/Freeway 2.4 151 3 126
Principal Arterial 2.4 151 2.8 133
Minor Arterial 2 172 2.6 142
Collectors 2 172 2.4 151
Input HPMS data for roads of a certain Functional Class
(Interstate, Non-Interstate NHS, Non-Interstate Non-NHS)
STEP 6: Map the network-level 20-year functionality of pavements
against 20-year agency funding committment
Using a seperate series for each set of results from application of a certain Trigger Standard
STEP 4:  Run HERS-ST to find the resulting pavement network condition
at the end of the 20-year analysis period
STEP 5: Calculate the network-level pavement functionality in terms of IRI-years
STEP 1: Vary 20-year funding level dedicated to pavement rehabilitation treatments
STEP 2:  Vary Pavement Rehabilitation Triggers,
also known as Deficiency Standards in the HERS-ST software
STEP 3: Vary, in percentage increments, the Average Annual Daily Traffic prediction
contained in HPMS input for each pavement segment at the end of the 20-year analysis period
CONCLUSION AND FUTURE WORK
Khurshid, M., Labi, S., Ahmed, A. and Irfan, M. (2010). Estimation of Planning-Level Asset 
Preservation Costs: Case Study Involving Flexible Pavement Treatments. Proc. of 
Transportation Research Board 89th Annual Conference, Washington, D.C. 
In the first phase of the research, the effect of changing the pavement rehabilitation trigger 
policy and the expended agency cost on the resulting pavement roughness condition at 
the network level has been demonstrated for the Indiana State Urban road network.
The next phase involves seeking, for different road functional classes, the pavement 
rehabilitation trigger where the maximum 20-year pavement smoothness is achieved at 
minimum expended agency cost. The framework for this phase is demonstrated in a 
flowchart.
Additionally, a traffic sensitivity analysis will be conducted where the traffic level expected 
in 20 years on the pavement sections is varied to examine the effect of different future 
traffic growth scenarios on the resulting pavement roughness condition at the network 
level. 
Everett, Stephanie R. (2012). Measurement and Monitoring of the Performance of 
Highway Investment. Thesis. Purdue University, West Lafayette, IN 




















































Annual Investment in Pavement Rehabilitation for the State-Owned Urban System
(millions of 2008 constant dollars)
Percent of State-Owned Urban Roadway Miles in Good Roughness 
Condition in 2029 under different Pavement Rehabilitation Trigger 
Policies and Annual Investment Levels















































Annual Investment in Pavement Rehabilitation for the State-Owned Urban System
(millions of 2008 constant dollars)
Percent of State-Owned Urban Roadway Miles in Poor Roughness 
Condition in 2029 under different Pavement Rehabilitation Trigger 
Policies and Annual Investment Levels







Pavement Roughness Condition of 
State Urban roadways in 2009
(IRI in units of inches/mile)
Percent road miles with IRI < 95
Percent road miles with 95 ≤ IRI < 120
Percent road miles with 120 ≤ IRI < 145
Percent road miles with 145 ≤ IRI < 170
Percent road miles with 170 ≤ IRI < 195
Percent road miles with IRI > 195
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 Effect of funding increases or advancement of  trigger policy from the Low 
Level to the High Level:
Percent of roadway miles with good roughness condition increases.
Percent of roadway miles with poor roughness condition decreases.
 As the funding level increases, the policy being applied to trigger pavement 
rehabilitation remains a significant factor in increasing the percent of road 
miles with smooth pavement (IRI < 120) but progressively becomes a less 
relevant factor in decreasing the percent of road miles with rough pavement 
(IRI ≥ 170). 
 To quantify these effects, one ANCOVA analysis was conducted for each of 
the two outcome variables:
Percent of roadway miles in good roughness condition (IRI < 120).
Percent of roadway miles in poor roughness condition (IRI ≥ 170).
 ANCOVA analysis on the first outcome variable revealed that the effects of 
the trigger policy variable and the funding variable are independent of each 
other. 
A change from the Medium Level to the Low Level trigger policy would 
result in 16.9% fewer roadway miles in good condition for any given annual 
funding amount. 
Conversely, a change from the Medium Level to the High Level policy 
would result in 10.0% more roadway miles in good condition for any given 
annual funding amount.
 ANCOVA analysis on the second outcome variable revealed that there is a 
statistically significant interaction between the independent variables of the 
annual funding and the treatment trigger policy. 
If a long-term strict budget constraint is anticipated for pavement 
rehabilitation, strategic modification of the pavement rehabilitation 
treatment trigger policy might be an effective strategy to preserve good 
network-level pavement condition (at least in terms of roughness) for the 
Indiana State Urban roads.
The analysis shown can be conducted periodically to justify changing or 
retaining the (internal) pavement rehabilitation trigger policy in light of an 
anticipated, (externally imposed) consistent annual budget level over a multi-
year period. 
